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In specialist sports coaching, the type and manner of augmented information that the
coach chooses to use in communicating and training with individual athletes can have
a significant impact on skill development and performance. Informed by insights from
psychology, pedagogy, and sport science, this position paper presents a practitioner-
based approach in response to the overarching question: When, why, and how could
coaches provide information to athletes during coaching interventions? In an ecological
dynamics rationale, practice is seen as a search for functional performance solutions,
and augmented feedback is outlined as instructional constraints to guide athletes’ self-
regulation of action in practice. Using the exemplar of team sports, we present a Skill
Training Communication Model for practical application in the context of the role of a
specialist coach, using a constraints-led approach (CLA). Further based on principles of
a non-linear pedagogy and using the recently introduced Periodization of Skill Training
(PoST) framework, the proposed model aims to support practitioners’ understanding
of the pedagogical constraints of feedback and instruction during practice. In detail, the
PoST framework’s three skill development and training stages work to (1) directly impact
constraint manipulations in practice designs and (2) indirectly affect coaches’ choices
of external (coach-induced) information. In turn, these guide practitioners on how and
when to apply different verbal instruction methodologies and aim to support the design
of effective skill learning environments. Finally, several practical guidelines in regard to
sports coaches’ feedback and instruction processes are proposed.
Keywords: specialist role coaching, augmented information, constraints-led approach, ecological dynamics, skill
acquisition
INTRODUCTION
Coaches endeavor to engage in behaviors that effectively facilitate each athlete’s progress toward
achieving particular goals in competition or practice environments. Essential to this progress
is athlete learning, and a key tool for coaches is the effective use of verbal instructions and
feedback (More and Franks, 1996). Contemporary research has identified verbal instructions are
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the dominant activity engaged in by coaches at all levels
(Potrac et al., 2000; Hodges and Franks, 2002). Different verbal
instruction properties, including timing, nature, and intent, have
been studied, finding that verbal instruction has important effects
on athletes’ learning and performance (Davids et al., 2008;
Cassidy et al., 2009; Klatt and Noël, 2019). This considered,
the provision of constructive augmented information (including
verbal instructions, feedback, praise, and criticism) has long been
regarded essential psychological and pedagogical competencies of
sports coaches designing learning environments (Holding, 1965;
for more recent position statements, see Chow, 2013; Button
et al., 2020). Particularly, the rationale for type and manner of
verbal communication that coaches choose to use (or not use)
with individual athletes can support their skill development and
discovery of task solutions and can arguably make a difference for
each athlete’s development and successful performance in sports
(Partington et al., 2014; Correia et al., 2019). For the purpose
of this article, adopting an ecological rationale, augmented
information is considered as an instructional constraint on
motor learning (Chow et al., 2016; for original insights, see
Newell, 1986). This constraint takes the form of verbal feedback
and instructions and is delivered by external agents (such as
coaches, trainers, sport scientists, teachers, parents, educators,
and peers; Handford et al., 1997). With respect to learning
experiences, the main goal of verbal feedback and instructions
(often in integration with other sensory modalities, such as
vision or proprioception) has been stated as follows: “to help
educate the attention of a learner to perceive and utilize relevant
information sources” within skill (acquisition and refinement)
training environments (Correia et al., 2019, p. 126). In support
of this goal during learning, it is paramount that sport coaches
and teachers have a viable model of practice design that supports
the delivery of verbal feedback and instructions to athletes
in coaching interventions (see Newell and Ranganathan, 2010;
Chow, 2013, for discussions in a non-linear pedagogy and within
a constraints-based framework).
From a non-linear pedagogy perspective, because of
augmented verbal information being considered as an
instructional constraint, pedagogical expertise in deciding
when, how, and why to provide what verbal information
to athletes is crucial. Thus, coaching behavior needs to be
based on a comprehensive theoretical rationale for successful
implementation and used as part of the learning design in sports
coaching. In this article, we introduce a novel Skill Training
Communication Model for use of augmented information as
an instructional constraint to guide athlete activities during
skill acquisition and in preparation for performance in sport.
Here, we focus on the use of verbal feedback and instructions
in somewhat unique coaching contexts, such as “specialist
coaching” (i.e., coaches in charge of one-on-one or small-
group trainings to refine athletes’ position-specific skills;
Otte et al., 2019a, 2020a).
In order to introduce and underpin the Skill Training
Communication Model, this article is structured in three parts.
Whereas Parts A and B provide a theoretical foundation
for the model in regard of an ecological dynamics rationale
for providing augmented verbal feedback during practice
(i.e., Part A) and a skill training periodization framework (i.e.,
Part B), Part C presents the communication model. In particular,
this communication model to coaching is further motivated
by concerns that traditional coaching strategies and processes
often appear to “adhere to established or intuitive instructional
methods” (Wulf, 2013, p. 97). Reasons for such concerns include
a possible lack of a theoretical framework for providing verbal
instructions and feedback in practitioner education programs;
this limitation is underlined by the suggestion that there have
been “relatively few investigations of coaching” (Partington
et al., 2014, p. 404) and that a “body of pedagogically
focused coaching research” has only recently begun to emerge
(Vinson et al., 2016, p. 54; see also Uehara et al., 2016).
Consequently, it is the aim of this article to support coaches
in rethinking the role and application of verbal feedback and
instructions in a skill training context; this, based on an ecological
dynamics rationale to augmented feedback, will be presented
in Part A and later be elaborated in Part B [Periodization of
Skill Training (PoST) framework] and Part C (Skill Training
Communication Model).
PART A: AN ECOLOGICAL DYNAMICS
RATIONALE TO AUGMENTED
FEEDBACK
Feedback and instructions (whether including sources of verbal
information, feedback, and/or other modalities) are considered
instructional constraints, form augmented feedback (Annett,
1969; Sigrist et al., 2013), and are commonly provided to
a learner from external agents during practice and training
(Handford et al., 1997). Instructional constraints such as
augmented feedback during learning can be distinguished
from intrinsic feedback processes that are ubiquitous and
naturally occur within individuals engaged in discovery
and externally guided learning experiences in representative
training environments (Vereijken and Whiting, 1990). While
experience of intrinsic feedback (as sensory afferences) during
learning is vital, research has shown that externally provided
feedback and instructions, or instructional constraints,
carefully applied by coaches, may support, guide, and
complement learning (Holding, 1965; Newell et al., 1985;
Sigrist et al., 2013).
From an ecological dynamics rationale, information regulates
action, and practice has been conceived as a search for
functional task solutions and relevant performance behaviors,
which can become stabilized with experience and learning
(Newell, 1991; Handford et al., 1997). Search activities during
practice can support the self-regulation of athletes finding
high-quality information sources to coordinate their actions.
Functional action solutions exist in a landscape of affordances
(opportunities for action; Rietveld and Kiverstein, 2014; Strafford
et al., 2020), which surround learners in a performance
environment (Button et al., 2020). An important role of
sport coaches and teachers is to guide the learner’s search
of the affordance landscape, and application of instructional
constraints is a powerful tool to be carefully used in important
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search activities (Newell, 1986). Hereby, pedagogical practice is
conceived as driving search processes that may be described
as “learning to attend to informational variables of the task
and modifying actions in terms of informational variables”
(Pacheco et al., 2019, p. 3).
The theoretical rationale for using augmented verbal
information and feedback to support search activities and guide
learners toward functional affordances in the landscape differs
considerably from traditional pedagogical models (Davids
et al., 2008; Ford et al., 2010). Traditional pedagogies tend
to emphasize specific detailed prescription of a movement
template for repetitive rehearsal (providing an “optimal” way
to perform a specific movement), as well as the application of
corrective feedback in repeating a movement technique (Davids
et al., 2008). These prescriptive coaching approaches arguably
lead to overuse of verbal information and feedback that can
impede athlete development by impinging on opportunities for
self-regulation (Davids et al., 2008; Partington and Cushion,
2011), which is a major aim of sports training and practice
(Handford et al., 1997; Davids, 2015). Therefore, from an
ecological dynamics rationale, the careful application or
omission of augmented information (i.e., verbally and in
integration with other feedback and instruction modes)
needs to consider athletes’ self-regulated exploration and
search activities.
In the current article, our specific focus is the introduction
of a novel Skill Training Communication Model (i.e., in
Part C). Particularly, the model aims to support provision of
instructional constraints in the context of specialist coaching
in team sports (e.g., coaching single athletes and subgroups,
such as attackers, defenders, goalkeepers), allowing coaches to
individually support and communicate with athletes with specific
performance needs. Notably, strategic team tactics (e.g., the
coach introducing a tactical game plan to the entire team)
that traditionally are adopted in performance preparation in
team sports, such as soccer, basketball, volleyball, or rugby, are
not the focus of the model. Rather, it is the aforementioned
specialist coaching context in team sports that places particular
emphasis on the objectives of skill acquisition and refinement in
practice designs.
PART B: THE POST FRAMEWORK
The proposed Skill Training Communication Model (see Part
C) builds upon a recently introduced PoST framework by Otte
et al. (2019b). The PoST framework, at its core, is focused on
how skills are taught by specialist or individual development
coaches working with single athletes and/or subgroups of athletes
and is based on the theoretical perspective of the constraints-
led approach (CLA; Newell, 1986). The CLA considers emerging
task, environment, and individual constraints that can change or
be manipulated to lead learners to exploit inherent tendencies
to “self-organize in attempts to generate effective movement
solutions” (Renshaw and Chow, 2019, p. 104; see also Renshaw
et al., 2019, for an overview of CLA, allied to principles of
ecological dynamics and non-linear pedagogy). In more detail,
the specific context of specialist coaching allows practitioners
to design training sessions that support a focus on self-
organized movement solutions that emerge in the actions of
individual athletes with specialized roles in sports teams. In
ecological dynamics, it has been proposed that directions of
constraints on self-organizing tendencies of individual athletes
and sports teams, during synergy formation, are continuously
shaped by local-to-global (exploiting intrinsic dispositions for
self-organization) and global-to-local influences (being organized
by external agents such as coaches; Ribeiro et al., 2019). Particular
emphasis in CLA has been placed on exploiting existing local-
to-global self-organization processes, which ultimately aim to
develop intelligent, self-regulating, and adaptable performers
(see Ribeiro et al., 2019; Guignard et al., 2020, for detailed
elaborations of bi-directional self-organization processes in team
and individual sports). In order to drive these self-regulatory
tendencies, it is a major task of sport practitioners to manipulate
task constraints within training session designs to facilitate skill
learning (Newell, 1985; Pacheco et al., 2019). For example, by
adjusting task constraints, such as field sizes, line markings,
or practice game rules, coaches can effectively impact athletes’
problem-solving behaviors in finding functional performance
solutions themselves; these self-regulating tendencies can emerge,
without having to prescribe movement solutions in precise detail
for learners. In the constraints-based approach, the coach is not
the main problem-solver during practice.
In terms of skill training planning, the PoST framework
displays three broad skill development and training stages that
are adapted from Newell’s (1985) Model of Motor Learning;
these stages, as presented below in Figure 1, are labeled
as Coordination Training, Skill Adaptability Training, and
Performance Training (see Otte et al., 2019b, for the detailed
theoretical introduction of the framework). The principles of
each skill training stage in the PoST framework are a strong
guide for the proposed Skill Training Communication Model
for specialist coaches to be able to carefully apply various forms
of feedback and instruction at each skill training stage. Verbal
communication induced by coaches may predominantly be seen
as augmented information acting as an instructional constraint
to guide learners’ search and problem-solving activities (Davids
et al., 2008); this is in order to stabilize functional coupling of
perception and actions within the specific training environment:
the foundation of skilled performance (Newell, 1991; Newell and
Ranganathan, 2010; Correia et al., 2019).
Altogether, the CLA presents an emerging and contemporary
perspective on skill acquisition and specialist coaching
approaches by (implicitly) affecting athletes’ goal-directed
behavior through the design of training sessions. Constraint
manipulation arguably forms the primary coaching approach
toward shaping skill learning during practice, and it is particularly
important to consider how complementary, augmented verbal
feedback and instructional constraints can be used to guide
athletes’ search for functional solutions. In the following part
of this article, we aim to provide guidance for practitioners
to consider how and when to apply appropriate feedback and
instruction forms within a particular skill training context via the
Skill Training Communication Model.
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FIGURE 1 | Skill development and training stages according to the Periodization of Skill Training framework.
PART C: THE SKILL TRAINING
COMMUNICATION MODEL
As an extension of the PoST framework, Figure 2 proposes
a novel Skill Training Communication Model that presents
a multifaceted structural approach to planning effective
training session designs (i.e., a core task for sport coaches
and displayed by the red box in the center of Figure 2).
In more detail, the proposed structural approach considers
(1) the athlete’s skill training stage (as displayed by three
training stages at the top of the figure); (2) feedback and
instruction methods [e.g., question-and-answer (Q&A)
approach and model learning]; and (3) information
detail in terms of quality and quantity (i.e., bottom part
of Figure 2).
According to the Skill Training Communication Model, in
order to plan effective training session designs, coaches should
follow a stepwise approach. First, coaches would consider the
athlete’s skill training stages that work to directly impact the
manipulation of constraints and the overall training session
design (e.g., regarding levels of game-representativeness and task
complexity in training; Otte et al., 2019b). In simple terms,
the training design is the main pedagogical method for skill
learning; for example, athletes in the Coordination Training stage
(see below) may be confronted with simplified training tasks
that (without verbal feedback and instruction) themselves drive
exploration of, and search for, functional movement solutions.
Second, coaches’ choices of augmented verbal information
would be affected by athletes’ skill training stages (i.e., athletes
in different skill training stages should experience different
methods of verbal communication). In turn, the skill training
stage and training session design will be complemented
by feedback and instruction methods, providing external
information. These methods are embedded into the training
session and support critical task constraint manipulations; for
example, feedback and instructions provided to athletes in the
Coordination Training stage complement the training design
in that coaches (verbally) guide aforementioned discovery and
search processes.
Skill Training Stages
The top section of the Skill Training Communication Model
shows how each specialist coach needs to start with an
understanding of the athlete’s current skill development and
training stage for a macrocycle (i.e., multiple training months),
a microcycle (i.e., one training week), or a single training
session (see Otte et al., 2019b). Starting with the athlete’s current
training stage affords individualized training sessions, where the
individual is coached according to his/her specific needs. In order
to place the athlete within a specific skill training stage and,
later, to select the most fitting feedback and instruction methods,
the framework differentiates between three distinct stages (i.e.,
the Coordination Training, Skill Adaptability Training, and
Performance Training stages).
Coordination Training Stage
Athletes in the Coordination Training stage are at a
developmental level, with a primary need to stabilize
general coordinative movement patterns during performance
within game-representative environments. Here, athletes are
encouraged to search and explore movement patterns by
(during playful activities and games) learning to exploit intrinsic
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FIGURE 2 | The Skill Training Communication Model in specialist sports coaching.
self-organizing motor system degrees of freedom (e.g., body
segments, muscles, and joints; Uehara et al., 2016; Correia
et al., 2019). The primary aim at this stage of learning design
is exploratory activity by athletes. Exploratory movements
are required to perceive relations between system degrees
of freedom (roughly, components of the body) and between
information and action. Learning experiences at this stage
of development should provide opportunities for learners to
perceive novel affordances that can be achieved by particular
action patterns. With respect to skill development, this idea
was elegantly expressed by Adolph and Justin (2019), who
harnessed Harlow’s (1949) notion during motor development
that individuals do not really learn to move, rather they
are “learning to learn to move.” To encourage exploratory
practice in athlete development, the acquisition of functional
sport-specific actions, through simplified tasks and coach-
supported constraint manipulations, is prominent at this stage
(Otte et al., 2019b).
Skill Adaptability Training Stage
During Skill Adaptability Training, the focus lies on perceptual-
cognitive regulation of adaptive actions in more complex
and varied learning environments. In this regard, the PoST
framework proposes three skill training substages termed
Movement Variability Training, Complex Training, and Team-
Based Training (see Otte et al., 2019b, for practical application
of these training stages). Training designs with appropriate levels
of game-representativeness and task complexity are used in
the (re)organization of functional perception-action couplings,
comprised of non-linear and dynamic individual, task, and
environment constraint interactions (see Hüttermann et al.,
2019; Renshaw et al., 2019). Consequently, the advancement
of perceptual-cognitive skills to regulate robust and adaptable
movement coordination is the primary goal (Ford et al., 2010;
Renshaw et al., 2019).
Performance Training Stage
Performance Training, as the third developmental stage, is
focused on preparing athletes to apply the acquired self-
regulatory skills (technical-tactical, physical, and psychological)
in competitive performance. The main focus is on the preparation
of individual athletes through exposure to representative
training designs for high-pressure competition. This greater
performance-driven focus may highlight the importance of
athletes’ preparation of perception, cognitions, and actions for
competition (e.g., including mental readiness, match fitness,
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and confidence as important factors for athletes’ performance;
Ford et al., 2010; Otte et al., 2020b). Notably, this training
stage mostly considers competitive environments in professional
sports organizations (e.g., performance preparation immediately
preceding a major competitive soccer game). While developing
athletes (as part of their skill learning and development) need
to be exposed to these challenging constraints on carefully
considered and limited occasions, it is important not to overdo
these experiences. Limited exposure is needed in development
because of the high intensity of these practice constraints and
to avoid detrimental negative experiences on confidence and to
manage expectations at this training stage (Otte et al., 2020a).
For example, a young performer may be asked to play up a
grade or to sit on the bench as a substitute in a competitive
senior game. Limited game time (in the order of minutes)
may be provided after careful consideration by the coaching
support staff.
Feedback and Instruction Methods
As introduced in the Skill Training Communication Model
(i.e., see Figure 2), a categorical distinction for verbal
feedback and instruction approaches may be made between
various methodologies (e.g., task-oriented communication or
analogy learning). Depending on the individual athlete’s skill
training stage and/or the training activities undertaken, different
feedback and instruction methods have to be considered by
specialist coaches to support effective skill development. Closer
descriptions of these communication methods are elaborated
in the following sections and displayed in Figure 3 below.
In detail, Figure 3 presents (1) a description of the coaching
intervention for each feedback/instruction method (i.e., the third
row from the bottom), (2) practical sports coaching examples
for each communication method (i.e., the second row from the
bottom), and (3) the proposed skill training stages, which could be
predominantly considered by coaches for a coaching intervention
(i.e., the bottom row in Figure 3). Notably, while major aspects of
feedback and instruction are provided verbally, this acoustically
based communication approach may direct athletes’ perception
toward more visual and haptic modalities (e.g., verbal feedback
as part of multisensory analogy learning). In turn, there is the
notion that for some skill training contexts an integration of
different communication methods is inevitable, and furthermore,
it could be an effective strategy for providing optimal practice and
learning conditions for athletes (e.g., Klatt and Smeeton, 2020;
Klein-Soetebier et al., 2020). Consequently, the following sections
will present and elaborate on seven feedback and instruction
methods of instructive (direct) verbal communication; task-
oriented communication; Q&A feedback; trial and error; (live)
video feedback; model learning; and analogy learning. Notably,
presented feedback forms have been selected based on multiple
authors’ experience of sports coaches commonly applying these
instructional constraints to practice environments.
Instructive (Direct) Verbal Communication
The instructive method, whereby the coach gives direct,
prescriptive, and corrective verbal instructions to the athlete, is
perhaps considered to be the most widely applied, traditional
form of instructional constraint used in coaching (Davids et al.,
2008; Uehara et al., 2016; Correia et al., 2019). However, verbal
information should instead be mainly used as an augmented
informational constraint to guide an athlete’s search activities.
When learning to learn to move, it is the athlete who needs
to use information to solve a performance problem and not
the coach providing verbal information to solve the problem
for an athlete. This pedagogical method is synonymous with
an athlete-centered approach to coaching. Consequently, outside
the Performance Training stage (where immediate performance
is supported under time constraints), directing and prescriptive
verbal instructions should be reduced to a minimum (Williams
and Hodges, 2005; Ford et al., 2010; Button et al., 2020).
There is a significant body of research that often differentiates
augmented verbal information (provided by the coach) into (i)
explicit and implicit and (ii) internally focused and externally
focused information (Poolton and Zachry, 2007; Lam et al.,
2009; Sigrist et al., 2013; Wulf, 2013; Winkelman, 2020).
Whereas explicit information constitutes verbal communication
containing a lot of detailed information, implicit information
describes communication that is associated with implicit learning
by athletes, in the absence of detailed (technical) information
on movements of specific limb segments and joints of the
body (Masters, 2000; Jackson and Farrow, 2005). Notably,
both explicit and implicit approaches are highly interdependent
and often intertwined in the learning process (Hodges and
Franks, 2002; Poolton and Zachry, 2007). Regarding internally
focused (or body-focused) augmented information, feedback and
instructions directly target the athlete’s body parts and specific
movements (e.g., coach: “Look at your toes and the angle of
20◦ at which they should point!”). In contrast, externally focused
(or outcome-focused) feedback and instructions focus on effects
of movements on the environment (e.g., coach: “Try to flatten
the flight curve of the ball in the air and make it spin back
after the bounce!”).
What does this body of work imply for coaching practice?
First, explicit and detailed verbal instructions may constrain
and impede performers in attending to and perceiving relevant
information and opportunities for action within the learning
environment; these information sources would “support the
search for functional performance solutions for their specific
task goals” (Correia et al., 2019, p. 126). If the main role of
instructional constraints and augmented verbal information is to
guide athletes’ search during practice, providing large amounts of
explicit verbal feedback and instructions, especially immediately
following skill performance, may curtail and hinder intrinsic
feedback system function during self-organized exploration for
functional movement solutions.
Second, explicit–internal information and the conscious
reinvestment in (technical) movement knowledge that could
potentially result from it could hinder the athlete’s implicit
perceptual–motor regulation during action (see Masters and
Maxwell, 2008, for a theoretical overview of the theory).
Consciously attending to one’s own movements during self-
regulated actions may disturb the functioning of perception–
action couplings (Masters, 1992; Poolton and Zachry, 2007;
Renshaw et al., 2009). In contrast, athletes who receive more
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FIGURE 3 | Description table of feedback and instruction forms and methods in relation to the skill training.
implicit feedback are shown to be demonstrably more effective
and efficient in movement regulation (Wulf and Prinz, 2001;
Wulf, 2016). Notably, this view has been supported by a
large amount of research from multiple sport contexts, such
as dribbling tasks in soccer and hockey, putting tasks in
golf, batting tasks in baseball, and climbing tasks (e.g., see
Masters and Maxwell, 2008).
Third, and in conjunction with the previous points, when
under pressure, athletes with detailed declarative movement
knowledge rather tend to choke (see Hill et al., 2010, for a
review on choking in sport). On the contrary, athletes who had
experienced significant amounts of implicit learning were found
to be more resistant to perturbations from pressure in their
performances (Masters, 2000; Masters and Maxwell, 2008).
Finally, and in order for athletes to use exploratory behaviors
in practice and freely self-organize movement solutions, with
little consideration of explicit movement details, verbal feedback
and instructions should be limited to a minimum in the
Coordination Training and Skill Adaptability Training stages.
However, in the preparation of athletes for competitive
performance, time constraints in the build-up to an event
may require more direct and explicit coaching approaches.
There is less time for discovery learning and exploratory
behaviors at that stage of performance preparation. This is
because, in the Performance Training stage, skill learning
is not the major objective, but rather prepare athletes to
compete in an event or match. At this stage, underpinned
by the developmental work already undertaken, coaches may
need to communicate verbally in a direct way, implementing
a focused, task-oriented coaching method, especially when
supporting athletes’ adaptation to changing environmental or
tactical constraints of a specific competitive event. Nevertheless,
it is still important for coaches to use instructional constraints
sparingly and avoid overburdening athletes with needless,
verbal instructions that are not needed in athletes’ decision-
making during performance. The use of instructional constraints
should still support athletes’ self-regulation (i.e., perception,
cognition, problem-solving, decision-making, and actions), but
in a focused manner related to searching processes within a
specific competitive environment or event.
Task-Oriented
With focused task-oriented coaching, the coach initially tries to
challenge the athlete by providing a task (e.g., a coach setting
a movement task for a hockey player: “Can you open your
body toward the full field with your first contact when receiving
the ball?”). While this task is delivered verbally by the coach,
from an athlete-environment-centered perspective, it demands
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performers to explore action solutions via visual or haptic senses
and thus to directly perceive interactions. Further, this task-
oriented approach does not aim at specifying how an athlete
performs an action (Pacheco et al., 2019). Rather, this approach
appears to be more focused, task-orientated, and goal-directed in
order to assist athletes in finding more functional task solutions
(Pacheco et al., 2019). Especially, in the Coordination Training
and Skill Adaptability Training stages, if the athlete is unable to
accomplish a task after several training attempts, the integration
of further implicit and guiding feedback and instruction forms
may be an option to guide the athlete’s search activities (Hodges
and Franks, 2002; Williams and Hodges, 2005).
Q&A Approach
The Q&A approach or questioning (divergent or convergent
in nature) appears to be another suitable method of verbal
feedback for reflection and self-learning (Schoön, 1987; Williams
and Hodges, 2005; Partington et al., 2014; Vinson et al., 2016).
Linked to Mosston (1966, 1992) spectrum of teaching styles
(e.g., guided discovery), the Q&A approach may take various
forms in which the coach may apply sequences of (systematic)
questions to drive athletes’ discovery of a (codetermined) target.
While there is a need to critically review potential overemphases
of teacher-driven decision-making and problem-solving for the
learner, a merit of Mosston’s proposed teaching styles (Metzler,
1985; Goldberger et al., 2012) is that reciprocal and divergent
discovery styles are aligned with the athlete-centered coaching
perspective promoted by an ecological dynamics rationale
proposed in this article.
It is also of relevance that, in an ecological dynamics
rationale, questioning methodology used by a coach needs to
be responded to by an athlete’s actions, not verbal responses.
With respect to this crucial differentiation between emergent
actions and verbal descriptions in practice, it is important to
note that Gibson (1966) distinguished between “knowledge of”
and “knowledge about” the environment. On the one hand, in
sport, knowledge of the environment supports functional actions
(see Arauìjo and Davids, 2011). On the other hand, knowledge
about the environment facilitates symbolic representational
understanding, which may be exemplified by understanding of
shapes and patterns on a tactical white board. The aim of a sport
practitioner’s attempt to provide questioning should be targeted
at developing knowledge of a performance environment, which
may stimulate an athlete’s self-regulatory activities in practice.
In turn, the aim of a sport practitioner’s use of questioning
should always be to elicit an action, not a verbal response. The
coach may try to guide the athlete to the desired answer in
an implicit and external way (e.g., a coach guiding a handball
player to self-reflect on the past play during practice: “Show
me how you could handle the last 1-versus-1 (1v1) situation
differently, when you’re pressured by an opponent and trying to
find your open teammate in space”). Further, a focus on action-
scaled affordances, constrained by athletes’ action capabilities
in emerging environments (see Fajen et al., 2008), may affect
coaches’ verbal phrasing of questions; for example, a basketball
coach asking an athlete to reflect on the possibility of performing
an action could say: “How did you time your run toward catching
the bounce pass quicker this time, compared to the last pass that
went out-of-bounds?”
Predominantly in the Skill Adaptability Training and
Coordination Training stages, these latter two approaches of task-
oriented coaching and Q&A feedback may be of great value for
athlete-environment-centered coaching and the search for and
exploration of functional movements and solutions to tactical
problems (O’Connor et al., 2017). Particularly, time restrictions
in these training stages usually appear to be rather low and the
specialist coach (by using “higher order questions,” such as why
and how; O’Connor et al., 2017) provides an opportunity to
reinforce an interactive and detailed exchange with the athlete(s)
to guide further exploratory and discovery activities in practice
and performance.
Trial and Error
In the perspective of the “trial and error” approach, it is a
mixture of verbal, visual, proprioceptive, and haptic information
that athletes are facing. While searching for functional solutions
by designing training sessions with rich affordance landscapes,
players could be further alerted to the presence of key
information sources through a limited number of verbal
informational constraints (Davids et al., 2008).
First, it is important to note that the training session
design aims to be the main stimulus for promoting athletes’
search, exploration, and learning behaviors. Particularly, through
constraint manipulations and the credo of “repetition without
repetition”, coaches could follow an implicit and tacit approach
toward using instruction and feedback (Bernstein, 1967; see Otte
et al., 2020a, for training examples); this approach highlights
principles of local self-organization of actions and places a
dominant focus on training designs supporting expansive search
for, and attunement to (performance-representative), contextual
information emergent in competitive environments (Horn et al.,
2007; Seifert et al., 2019).
Second, verbal information provides valuable assistance in
constraining an athlete’s exploratory behaviors, problem-solving,
and self-discovery of “the relationships between cues/movement
patterns and behavioral outcomes” relatively freely (Jackson and
Farrow, 2005, p. 315). For example, a coach encouraging a
hockey player to attempt the forehand shot during practice
could manipulate task constraints “driving” the shooter toward
the forehand side for him/her and providing an instructional
constraint by saying, “Just try this shooting movement and see
how it feels!”. The goal of this approach remains for players
to self-organize and explore their own movements and through
their experiences to receive intrinsic feedback on the effectiveness
of their movement attempts; this feedback on the task outcome
may often be based on perceiving intrinsic information through
visual, proprioceptive, and haptic systems. Moreover, because this
feedback method highlights the importance of discovery, self-
monitoring, and the self-organization of movement patterns, the
coach adopts the role of a facilitator. Specifically, a facilitator
would avoid using direct explicit verbal feedback and follow
a “hands-off” strategy in learning (Handford et al., 1997;
Chow, 2013; Light and Harvey, 2015; Uehara et al., 2016;
Correia et al., 2019).
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Altogether, this feedback method appears to be suitable for
skill training in the stages of Coordination Training and Skill
Adaptability Training; this is due to a focus on athlete self-
organization and movement variability in these (de)stabilized
training stages.
(Live) Video Feedback
(Live) video feedback, as a technological feedback medium,
represents another possible method of feedback that provides an
effective (real-time) tool for coaches around a training session
or competition (Williams and Hodges, 2005; Davids et al., 2008;
Ward, 2011). On the one hand, the visualization of training/game
sequences (in the best case recorded from a point-of-view camera
shot) can prove helpful in the Coordination Training and Skill
Adaptability Training stages. For examples, studies in sports such
as gymnastics, swimming, and volleyball found increased skill
performance in response to coaching interventions including
self-video feedback (e.g., Hazen et al., 1990; Winfrey and Weeks,
1993; Zetou et al., 2002; Boyer et al., 2009). Here, this visual
self-feedback may not include additional verbal guidance by
coaches. On the other hand, clearly targeted verbal feedback,
complemented by video footage of an athlete’s exploration and
(movement) solutions, can support specific search activities in
the Performance Training stage. For example, professional soccer
clubs began using large video walls at their training facilities for
immediate playback of patterns of play in practice (Bundesliga,
2018); these oversized video screens particularly underline how
a global-to-local direction of synergy formation in sports teams
can be supported by augmented verbal and visual information in
performance preparation. Additionally, this performance-driven
use of video feedback may be delivered in various forms, such as
(opposition) team, individual skill, or motivational videos, which
may further be accompanied with statistical performance data
(e.g., pass completion rates or shot percentages; see O’Donoghue,
2006, for an overview).
Model Learning
Model learning or observing holistic movements together with
the coach can be considered a building block of visually induced
information for guiding athletes’ search activities (Scully and
Newell, 1985; Scully and Carnegie, 1998; Correia et al., 2019).
Scully and Newell (1985) showed how visual informational
constraints from models guided the actions of learners in motor
learning. By perceiving and imitating a model’s relative motion
pattern (e.g., the relations between body parts), athletes are
afforded with constraining augmented information to facilitate
their search for functional task solutions (Newell et al., 1985;
Scully and Newell, 1985). In other words, model learning may
act as a rate enhancer, rather than a rate limiter, in early
skill acquisition stages, such as the Coordination Training stage
with a focus on athletes’ exploration for stable movement
coordination (e.g., see Al-Abood et al., 2001a,b). Here, evidence
further suggests presenting learners with models of movement
patterns of different performers at different performance
levels, to showcase a range of movement possibilities in
the affordance landscape (Al-Abood et al., 2002). Specifically,
strategies regarding (expert) video modeling before and after
skill performance have been considered by previous research; for
example, studies on video modeling in sports, such as tennis, wall
climbing, basketball, and volleyball, showed enhanced movement
performance following this video intervention (e.g., Scott et al.,
1998; Harle and Vickers, 2001; Boschker and Bakker, 2002;
Zetou et al., 2002). Further, active, on-field demonstrations and
“freezing strategies” (i.e., freezing skill training exercises or play)
by coaches could additionally constrain the perceptual search
space and help attune athletes to visual information for functional
movement solutions (Pacheco et al., 2019).
Overall, model learning (including demonstrations) appears
to be apt for learning and the search of specific movement
solutions. In other words, these forms of visual instructional
constraints during coaching interventions appear to be
particularly effective for athletes acquiring sport-specific
and novel movement patterns (i.e., in the Coordination Training
stage; Al-Abood et al., 2001a,b) and athletes seeking to attune to
relevant information variables (i.e., in Skill Adaptability Stage).
Notably, and based on a single athlete’s intrinsic dynamics,
coaches should highlight the existence of a multitude of reliable
and dynamically stable movement patterns and solutions for a
task (Newell and Ranganathan, 2010); this approach stands in
contrast to traditionally advocated idealized technical movement
solutions promoted by coaches (e.g., see Otte et al., 2019a, for
findings in the specialist soccer goalkeeper coaching context).
Analogy Learning
In addition to the former communication method of model
learning, movement analogies (also termed as “biomechanical
metaphors”; i.e., a verbal illustration and visualization of a
movement) can provide a valuable feedback alternative for
coaches (e.g., Hill et al., 2010; Newell and Ranganathan, 2010;
Fasold et al., 2020). For example, the statement “your arms and
hands could build a wall from which the ball bounces back into
the other team’s court” could be one movement analogy for a
“blocking” action in volleyball.
Despite analogies representing verbal forms of
communication, these augmented informational constraints
potentially direct the search activities of an athlete toward an
external focus of attention, a previously experienced feeling
(e.g., “imagine throwing a frisbee” for a one-handed backhand
return in tennis), and contribute an additional, strong visual
value; thus, analogies have the potential to be subconscious to
the perceiver and/or promote implicit learning, which is more
resistant to forgetting or emotional perturbations (Poolton
et al., 2006; Poolton and Zachry, 2007; Renshaw et al., 2009;
Williams and Ford, 2009; Newell and Ranganathan, 2010). In
detail, Winkelman (2020) recently proposed three categories of
analogies for providing visual information to support movement
performance: (1) scenario-based analogies (i.e., the consideration
of an analogous scenario, such as the well-known “reaching for
the cookie jar” analogy for a basketball throw); (2) constraint-
based analogies (i.e., perturbation or channeling of information
on movement performance, such as “you have resistance bands
in your knee joints that constantly pull you down slightly” to
guide a volleyball player’s set position); and (3) object-based
analogies (i.e., featuring an inanimate object onto, e.g., a soccer
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GK’s movements: “make a scoop net with your arms and hands
to intercept a low shot rolling toward you”; “make a wide wall
with your arms, legs, and trunk to block any shot that may be
low or high”). All of these categories establish fruitful arrays for
coaches to transfer explicit verbal information into an arguably
more relatable and effective form for athletes in various skill
training stages. Consequently, athletes in the training stages
of Skill Adaptability Training and Coordination Training may
particularly benefit from analogy learning.
Information Detail
In the last part of the Skill Training Communication Model
(see bottom part of Figure 2), the coach selects the degree
of information detail to be communicated to athletes. From a
more applied coaching perspective, the quality and quantity of
information play crucial roles and need to be considered in
perspective of the athlete’s development stage.
Information Quality
The quality of augmented information could also be related to
traditional concepts such as “knowledge of performance” (KP)
and “knowledge of results” (KR; see Johnson and Proctor, 2017,
for a review on feedback in skill acquisition and training).
First, KP provides information on movement performance
or processes during the motor skill execution (e.g., kinetic
feedback on forces applied during the movement or kinematic
feedback on spatial and temporal properties of the movement;
Johnson and Proctor, 2017). Notably, this information may not
solely be aimed at the past state of the movement dynamic;
it may be regarded as transition information that focuses
on the control of the performance solution that facilitates
the transition to a new pattern of coordination (see Newell,
2003). Transition information may target feedback regarding
athletes’ changes over different timescales in organization and
transitions between various movement patterns; these changes
form an integral part of emerging sport contexts and non-linear
learning (Chow, 2013; Orth et al., 2018a,b). Second, KR provides
rather externally focused information on task outcomes (e.g.,
information provided to athletes on whether the task goal was
achieved or the degree of error that led to lack of achievement;
Williams and Hodges, 2005; Winkelman, 2020). Based on the
athlete’s focus to search for functional task and movement
solutions, coaches have opportunities to provide informational
constraints to athletes through both KP (e.g., through movement-
related analogies) and KR (e.g., through the training session
design and constraint manipulations). The latter information on
KR may be further underlined by extrinsic feedback through
external sources that stands in contrast to intrinsic feedback
(i.e., the athlete’s own attunement to perceptual information
emerging from movement performance). Specifically, through
(objective) performance analytics data compiled from motion
tracking devices or sensors, coaches in high-performance sports
increasingly have the opportunity to include extrinsic feedback
sources into their coaching. For example, high-quality GPS data
on individual players’ sprinting speeds and running distances
within soccer games may be used by coaches to globally guide
synergy formation between teammates. However, a challenge
is to avoid athletes becoming overdependent on augmented
information rather than becoming highly attuned to information
from intrinsic feedback systems to solve movement problems
(Handford et al., 1997).
In order to provide more distinction to the quality of
information provided by coaches, the concepts of KP and
KR may be further embedded into goal-directed categorical
(i.e., correct/false), graded (i.e., the degree of correctness of
a movement solution), and detailed information (i.e., degree
of correctness along with detail information) (e.g., Luft, 2014;
Johnson and Proctor, 2017). In the Coordination Training
and the Skill Adaptability Training stages, it may often make
sense to (if at all) solely provide brief categorical or graded
feedback (e.g., “too slow,” “too fast,” “too high,” “too much
spin”). Particularly, aforementioned action-scaled affordances
may support key coaching points in these training stages.
By directing feedback toward external information (e.g., the
sprinting distance and speed needed to receive an air pass
in American Football), simple cues provided to athletes could
aim to guide athletes’ search processes. Moreover, this reduced
communication approach should be delayed in order to allow
an athlete to provide his/her own performance estimate before
directing the athlete’s attentional focus toward discovery and self-
organization of functional movement patterns and task solutions
(Hodges and Franks, 2002; Davids et al., 2008; Sigrist et al., 2013).
However, in the Performance Training stage and potentially in
later parts of the Skill Adaptability Training stage (e.g., when
working with more advanced performers), graded feedback or
detailed (extrinsic) feedback on the performance and/or the
results may be deemed as more appropriate. For example, a
coach providing feedback to a soccer goalkeeper defending the
goal could say: “Watch the distance between the approaching
attacker and yourself—once the attacker dribbles inside the box,
defending a close distance 1v1 situation will be your task” (for
evidence of goalkeeper’s use of time to contact information with
an attacker in 1v1 dyads, see Shafizadeh et al., 2016). Note
that there is no specification of precisely how an athlete should
solve a performance problem using that exemplar feedback,
because the wording is used to stimulate further exploration of
a specific affordance (which can be for “good or ill” as noted
by Gibson, 1979).
Finally, information quality may be judged in terms of
different levels of emotional value. For example, feedback for
athletes could be positive and supportive, in that it is praising,
motivating, and constructive, or rather negative, in that it is
critical or scolding (Smith and Cushion, 2006; Ford et al.,
2010; Luft, 2014). Notably, supportive feedback and praise for
performance outcomes, improvements, and efforts should be
prioritized, whereas negative feedback should be limited (Smith
and Cushion, 2006; Sigrist et al., 2013).
Information Quantity
Information quantity may be constituted of two components:
the timing of feedback (e.g., before, during/concurrent or after
the action/training/game) and the feedback frequency (e.g.,
during/after each attempt, in regular intervals or randomly)
(e.g., Hodges and Franks, 2002; Luft, 2014). First, in terms of
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feedback timing before and during skill execution, practitioners
may be cautious of not providing large amounts of movement-
related, verbal information to athletes in the Skill Adaptability
Training and Coordination Training stages. Because a key
aim of practice designs is to facilitate athletes’ self-regulation
tendencies, provision of verbal feedback should also not occur
immediately after an action sequence in training. Provision of too
much verbal feedback, especially immediately after a movement
response, is a form of “overcoaching,” as previously stated, and
has been shown to negatively restrict movement exploration
(Davids et al., 2008), possibly inhibiting players’ own decision-
making abilities (Smith and Cushion, 2006; Ford et al., 2010).
In further support of this notion of delaying verbal feedback,
studies have shown expert athletes to judge own performances
more accurately than their coaches (e.g., see Millar et al., 2017,
for an investigation into athlete–coach agreement on boat speed
in rowing). Hence, athletes’ intrinsic and self-directed feedback
for own performances may provide enough information to drive
skill learning in certain skill training stages.
Second, low feedback frequency for athletes in the
Coordination Training and Skill Adaptability Training stages
may be sufficient, mainly due to previously highlighted search
and discovery processes for functional movement solutions.
Additionally, coaches giving less frequent feedback would be
able to spend longer time periods on (silently) observing the
athletes, which may be helpful in order for practitioners to
monitor athletes’ (functional) perception–action couplings and
individual capacities and assess the overall quality of the designed
training environment (Smith and Cushion, 2006; Correia et al.,
2019). Notably, in the Performance Training stage, feedback may
be required more frequently than at developmental stages of
learning; this, and only if athletes need the verbal intervention
information, is due to time constraints and the apparent
performance focus under immediate competitive pressure. Here,
it still may be argued whether this feedback would need to be
given as part of an explicit and internally focused verbal coaching
intervention. In order to assist athletes’ search and exploration
for functional movement solutions, simple prompts, cues, and
questions may display verbal alternatives for guiding athletes’
search activities (O’Connor, 2012).
CONCLUDING REMARKS
Overall, this article pursues the goal of presenting a conceptual
Skill Training Communication Model. In order to follow the
call for “more practitioner-based articles in coaching journals
[. . . ] showing how goal setting and performance feedback
procedures can be adopted” (Ward, 2011, p. 109), this position
article aims at integrating academic knowledge with practically
applicable feedback and instruction forms for various specialist
coaching contexts (i.e., coaches focusing on sport-specific
skill acquisition and refinement when working individually
with single athletes or subgroups of athletes). The presented
theoretical and practical insights underline the need for specialist
coaches to display great levels of psychological and pedagogical
expertise on how and when to (purposely not) provide external
feedback and instructions to individual athletes in training and
competition environments.
Finally, the Skill Training Communication Model hopes
to inspire future research in the field of sports coaching.
Additionally, the article aims at supporting sports coaches by
providing the following feedback and instruction guidelines:
1. The training design that facilitates athletes’ self-regulation
in sport performance should always be at the core
of all learning and coaching activities. By developing
representative training sessions and manipulating relevant
task constraints, coaches can most effectively drive athletes’
search processes that, in turn, provide highly valuable
intrinsic feedback for athletes; this type of feedback is
essential for supporting self-organization tendencies for
functional movement solutions in response to game-
related problems.
2. The coach’s understanding of the athlete’s particular
skill development and training stage is paramount for
appropriate selection of feedback and instruction methods.
Especially the stages of Coordination Training and Skill
Adaptability Training may (if at all) demand more implicit
haptic and visual feedback forms (e.g., including methods,
such as analogy learning, model learning, and video
feedback). This stands in contrast to the Performance
Training stage, which due to immediate performance and
time pressure may require coaches to apply a more targeted
and direct communication style.
3. An increased amount of feedback and instructions
(in terms of information quality and quantity) likely
is not more beneficial for athletes. In contrast to the
common notion, “the more, the better”, athletes at
particular skill developmental stages actually benefit
more from self-regulatory approaches and minimized
explicit feedback and instructions used sparingly
(Jackson and Farrow, 2005).
4. Related to Point 3, the timing of visual feedback is also
important in order for athletes to perceive and use intrinsic
information from movements to self-regulate in solving
ongoing performance problems. Coaches should delay the
provision of augmented feedback in order to provide time
for athletes to perceive movement feedback for use in
ensuing practice tasks (Button et al., 2020).
5. Augmented verbal information should avoid a
specification of precisely how an athlete should solve
a performance problem. The wording of feedback
and instructions is used to stimulate and elicit
further exploration of specific opportunities for action.
Consequently, the coach is not the main problem-
solver during practice (i.e., by directly verbalizing the
performance solution to the athlete) and rather acts as a
“moderator” to guide athletes’ search and problem-solving
for functional (movement) solutions.
6. The feedback and instruction methods that athletes seek
and the way that individual athletes respond to these
should drive coaches’ communication. In this respect, an
“understanding of athlete-centered coaching is necessary”
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(Côté et al., 2010, p. 64), and thus individualized feedback
and instruction approaches should also consider each
individual athlete’s preferences.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author.
AUTHOR CONTRIBUTIONS
FO developed the conception of the model and wrote
the first draft of the manuscript. KD, S-KM, and SK
contributed to re-design and presentation of the model
and wrote sections of the manuscript. All authors
contributed to manuscript revision, read, and approved the
submitted manuscript.
FUNDING
We acknowledge financial support by the German Research
Foundation and the University of Rostock within the funding
program Open Access Publishing.
ACKNOWLEDGMENTS
We would like to thank the two reviewers for their helpful
suggestions and comments to improve this manuscript.
REFERENCES
Adolph, K. E., and Justin, E. H. (2019). Motor development: embodied, embedded,
enculturated, and enabling. Annu. Rev. Psychol. 70, 141–164. doi: 10.1146/
annurev-psych-010418-102836
Al-Abood, S., Bennett, S., Hernandez, F., Ashford, D., and Davids, K. (2002). Effect
of verbal instructions and image size on visual search strategies in basketball free
throw shooting. J. Sports Sci. 20, 271–278. doi: 10.1080/026404102317284817
Al-Abood, S., Davids, K., and Bennett, S. (2001a). Specificity of task constraints and
effects of visual demonstrations and verbal instructions in directing learners’
search during skill acquisition. J. Motor Behav. 33, 295–305. doi: 10.1080/
00222890109601915
Al-Abood, S., Davids, K., Bennett, S., Ashford, D., and Martinez Marin, M.
(2001b). Effects of manipulating relative and absolute motion information
during observational learning of an aiming task. J. Sports Sci. 19, 507–520.
doi: 10.1080/026404101750238962
Annett, J. (1969). Feedback and Human Behaviour: the Effects of Knowledge of
Results, Incentives and Reinforcement on Learning and Performance. Baltimore,
MD: Penguin Books.
Arauìjo, D., and Davids, K. (2011). What exactly is acquired during skill
acquisition? J. Conscious. Stud. 18, 7–23.
Bernstein, N. A. (1967). The Co-Ordination and Regulations of Movements. Oxford:
Pergamon Press.
Boschker, M. C. J., and Bakker, F. C. (2002). Inexperience sport climbers might
perceive and utilize new opportunities for action by merely observing a model.
Percept. Motor Skills 95, 3–9. doi: 10.2466/pms.2002.95.1.3
Boyer, E., Miltenberger, R., Batsche, C., Fogel, V., and LeBlanc, L. (2009). Video
modeling by experts with video feedback to enhance gymnastics skills. J. Appl.
Behav. Anal. 42, 855–860. doi: 10.1901/jaba.2009.42-855
Bundesliga, (2018). Hoffenheim Coach Julian Nagelsmann Revolutionises Training
With Videowall. Bundesliga.com - the Official Bundesliga Website. Available
online at: https://www.bundesliga.com/en/news/Bundesliga/hoffenheim-
coach-julian-nagelsmann-introduces-videowall-to-revolutionise-training-
454562.jsp (accessed January 29, 2020).
Button, C., Seifert, L., Chow, J.-Y., Araújo, D., and Davids, K. (2020). Dynamics
of Skill Acquisition: an Ecological Dynamics rationale, 2nd Edn. Champaign, IL:
Human Kinetics.
Cassidy, T., Jones, R., and Potrac, P. (2009). Understanding Sports Coaching: The
Social, Cultural and Pedagogical Foundations of Coaching Practice, 2nd Edn.
London: Routledge.
Chow, J. Y. (2013). Nonlinear learning underpinning pedagogy: evidence,
challenges, and implications. Quest 65, 469–484. doi: 10.1080/00336297.2013.
807746
Chow, J. Y., Davids, K., Button, C., and Renshaw, I. (2016). Nonlinear Pedagogy in
Skill Acquisition: an Introduction. London: Routledge.
Correia, V., Carvalho, J., Araújo, D., Pereira, E., and Davids, K. (2019). Principles
of nonlinear pedagogy in sport practice. Phys. Educ. Sport Pedagog. 24, 117–132.
doi: 10.1080/17408989.2018.1552673
Côté, J., Bruner, M. W., Erickson, K., Strachan, L., and Fraser-Thomas, J. (2010).
“Athlete development and coaching,” in Sport Coaching: Professionalization and
Practice, eds J. Lyle, and C. Cushion (Oxford: Elsevier), 63–83.
Davids, K. (2015). Athletes and sports teams as complex adaptive system: a review
of implications for learning design. Rev. Int. Cienc. Deporte 39, 48–61. doi:
10.5232/ricyde2015.03904
Davids, K., Bennett, S., and Button, C. (2008). Dynamics of Skill Acquisition.
Champaign, IL: Human Kinetics.
Fajen, B. R., Riley, M. A., and Turvey, M. T. (2008). Information, affordances, and
the control of action in sport. Int. J. Sport Psychol. 40, 79–107.
Fasold, F., Houseman, L., Noël, B., and Klatt, S. (2020). Handball specific skill
acquisition by use of different instruction methods. Hum. Mov.
Ford, P., Yates, I., and Williams, A. (2010). An analysis of practice activities
and instructional behaviours used by youth soccer coaches during practice:
exploring the link between science and application. J. Sports Sci. 28, 483–495.
doi: 10.1080/02640410903582750
Gibson, J. J. (1966). The Senses Considered as Perceptual Systems. Boston, MA:
Houghton Mifflin.
Gibson, J. J. (1979). The Ecological Approach to Visual Perception. Boston, MA:
Houghton Mifflin.
Goldberger, M., Ashworth, S., and Byra, M. (2012). Spectrum of teaching styles
retrospective 2012. Quest 64, 268–282. doi: 10.1080/00336297.2012.706883
Guignard, B., Button, C., Davids, K., and Seifert, L. (2020). Education and transfer
of water competencies: an ecological dynamics approach. Eur. Phys. Educ. Rev.
1–16. doi: 10.1177/1356336X20902172 [Epub ahead of print].
Handford, C., Davids, K., Bennett, S., and Button, C. (1997). Skill acquisition
in sport: some applications of an evolving practice ecology. J. Sports Sci. 15,
621–640. doi: 10.1080/026404197367056
Harle, S. K., and Vickers, J. N. (2001). Training quick eye improves accuracy in the
basketball free throw. Sport Psychol. 15, 289–305. doi: 10.1123/tsp.15.3.289
Harlow, H. F. (1949). The formation of learning sets. Psychol. Rev. 56, 51–65.
doi: 10.1037/h0062474
Hazen, A., Johnstone, C., Martin, G. L., and Srikameswaran, S. (1990). A
videotaping feedback package for improving skills of youth competitive
swimmers. Sport Psychol. 4, 213–227. doi: 10.1123/tsp.4.3.213
Hill, D. M., Hanton, S., Matthews, N., and Fleming, S. (2010). Choking in
sport: a review. Int. Rev. Sport Exerc. Psychol. 3, 24–39. doi: 10.1080/
17509840903301199
Hodges, N., and Franks, I. (2002). Modelling coaching practice: the role of
instruction and demonstration. J. Sports Sci. 20, 793–811. doi: 10.1080/
026404102320675648
Holding, D. H. (1965). Principles of Training. Oxford: Pergamon.
Frontiers in Psychology | www.frontiersin.org 12 July 2020 | Volume 11 | Article 1444
fpsyg-11-01444 July 11, 2020 Time: 15:29 # 13
Otte et al. When and How to Provide Feedback to Athletes?
Horn, R., Williams, A. M., Hayes, S., Hodges, N., and Scott, M. (2007).
Demonstration as a rate enhancer to changes in coordination during early skill
acquisition. J. Sports Sci. 25, 599–614. doi: 10.1080/02640410600947165
Hüttermann, S., Ford, P. R., Williams, A. M., Varga, M., and Smeeton, N. J. (2019).
Attention, perception, and action in a simulated decision-making task. J. Sport
Exerc. Psychol. 41, 230–241. doi: 10.1123/jsep.2018-0177
Jackson, R. C., and Farrow, D. (2005). Implicit perceptual training: how, when, and
why? Hum. Mov. Sci. 24, 308–325. doi: 10.1016/j.humov.2005.06.003
Johnson, A., and Proctor, R. W. (2017). Skill Acquisition and Training: Achieving
Expertise in Simple and Complex Tasks. New York, NY: Taylor & Francis.
Klatt, S., and Noël, B. (2019). Regulatory focus in sport revisited: does the exact
wording of instructions really matter? Sport Exerc. Perform. Psychol. 1–11.
doi: 10.1037/spy0000195 [Epub ahead of print].
Klatt, S., and Smeeton, N. J. (2020). Visual and auditory information during
decision making in sport. J. Sport Exerc. Psychol. 42, 15–25. doi: 10.1123/jsep.
2019-0107
Klein-Soetebier, T., Noël, B., and Klatt, S. (2020). Multimodal perception in
table tennis: the effect of auditory and visual information on anticipation and
planning of action. Int. J. Sport Exerc. Psychol.
Lam, W. K., Maxwell, J. P., and Masters, R. S. W. (2009). Analogy versus explicit
learning of a modified basketball shooting task: performance and kinematic
outcomes. J. Sports Sci. 27, 179–191. doi: 10.1080/02640410802448764
Light, R. L., and Harvey, S. (2015). Positive pedagogy for sport coaching. Sport
Educ. Soc. 22, 271–287. doi: 10.1080/13573322.2015.1015977
Luft, C. (2014). Learning from feedback: the neural mechanisms of feedback
processing facilitating better performance. Behav. Brain Res. 261, 356–368.
doi: 10.1016/j.bbr.2013.12.043
Masters, R. S. W. (1992). Knowledge, knerves and know how: the role of explicit
versus implicit knowledge in the breakdown of a complex sporting motor
skill under pressure. Br. J. Psychol. 83, 343–358. doi: 10.1111/j.2044-8295.1992.
tb02446.x
Masters, R. S. W. (2000). Theoretical aspects of implicit learning in sport. Int. J.
Sport Psychol. 31, 530–541.
Masters, R., and Maxwell, J. (2008). The theory of reinvestment. Int. Rev. Sport
Exerc. Psychol. 1, 160–183. doi: 1080/17509840802287218
Metzler, M. (1985). On styles. Quest 35, 145–154.
Millar, S., Oldham, A., Renshaw, I., and Hopkins, W. (2017). Athlete and coach
agreement: identifying successful performance. Int. J. Sports Sci. Coach. 12,
807–813. doi: 10.1177/1747954117738886
More, K., and Franks, I. (1996). Analysis and modification of verbal coaching
behaviour: the usefulness of a data-driven intervention strategy. J. Sports Sci.
14, 523–543. doi: 10.1080/02640419608727739
Mosston, M. (1966). Teaching Physical Education. Columbus, OH: Merrill.
Mosston, M. (1992). Tug-O-War, no more: meeting teaching-learning objectives
using the spectrum of teaching styles. J. Phys. Educ. Recreat. Dance 63, 27–56.
doi: 10.1080/07303084.1992.10604083
Newell, K. M. (1985). “Coordination, control and skill,” in Differing Perspectives
in Motor Learning, Memory, and Control, eds D. Goodman, R. B. Wilberg,
and I. M. Franks, (Amsterdam: Elsevier Science), 295–317. doi: 10.1016/s0166-
4115(08)62541-8
Newell, K. M. (1986). “Constraints on the development of coordination,” in Motor
Development in Children. Aspects of Coordination and Control, eds M. G. Wade,
and H. T. A. Whiting, (Dordrecht: Martinus Nijhoff), 341–360. doi: 10.1007/
978-94-009-4460-2_19
Newell, K. M. (1991). Motor skill acquisition. Annu. Rev. Psychol. 42, 213–237.
doi: 10.1146/annurev.ps.42.020191.001241
Newell, K. M. (2003). Change in motor learning: a coordination and control
perspective. Motriz 9, 1–6.
Newell, K. M., and Ranganathan, R. (2010). “Instructions as constraints in motor
skill acquisition,” in Motor Learning in Practice: a Constraints-Led Approach, eds
I. Renshaw, K.Davids, and G. Savelsbergh, (London: Routledge), 17–32.
Newell, K. M., Morris, L. R., and Scully, D. M. (1985). “Augmented information
and the acquisition of skill in physical activity,” in Exercise and Sport Sciences
Reviews, ed. R. L. Terjung, (Lexington, KY: Collamore Press), 235–261.
O’Connor, D. (2012). “Challenges facing youth coaches,” in Current Issues and
Controversies in School and Community Health, Sport and Physical Education,
ed. J. O’Dea, (New York, NY: Nova Science).
O’Connor, D., Larkin, P., and Williams, M. (2017). What learning environments
help improve decision-making? Phys. Educ. Sport Pedagog. 22, 647–660. doi:
10.1080/17408989.2017.1294678
O’Donoghue, P. (2006). The use of feedback videos in sport. Int. J. Perform. Anal.
Sport 6, 1–14. doi: 10.1080/24748668.2006.11868368
Orth, D., Davids, K., Chow, J., Brymer, E., and Seifert, L. (2018a). Behavioral
repertoire influences the rate and nature of learning in climbing: implications
for individualized learning design in preparation for extreme sports
participation. Front. Psychol. 9:949. doi: 10.3389/fpsyg.2018.00949
Orth, D., van der Kamp, J., and Button, C. (2018b). Learning to be adaptive
as a distributed process across the coach–athlete system: situating the coach
in the constraints-led approach. Phys. Educ. Sport Pedagog. 24, 146–161. doi:
10.1080/17408989.2018.1557132
Otte, F. W., Davids, K., Millar, S.-K., and Klatt, S. (2020a). Specialist role coaching
and skill training periodisation: a football goalkeeping case study. Int. J. Sports
Sci. Coach. 1–14 doi: 10.1177/1747954120922548 [Epub ahead of print].
Otte, F. W., Millar, S.-K., and Klatt, S. (2019a). How does the modern football
goalkeeper train? – an exploration of expert goalkeeper coaches’ skill training
approaches. J. Sports Sci. doi: 10.1080/02640414.2019.1643202
Otte, F. W., Millar, S.-K., and Klatt, S. (2019b). Skill training periodisation
in ‘specialist’ sports coaching - an introduction of the ‘PoST’ framework
for skill development. Front. Sports Act. Liv. 1:61. doi: 10.3389/fspor.2019.
00061
Otte, F. W., Millar, S.-K., and Klatt, S. (2020b). Ready to perform? – a qualitative-
analytic investigation into professional football goalkeepers’ match warm-ups.
Int. J. Sports Sci. Coach. 15, 1–13. doi: 10.1177/1747954120909956
Pacheco, M., Lafe, C., and Newell, K. (2019). Search strategies in the perceptual-
motor workspace and the acquisition of coordination, control, and skill. Front.
Psychol. 10:1874. doi: 10.3389/fpsyg.2019.01874
Partington, M., and Cushion, C. (2011). An investigation of the practice
activities and coaching behaviors of professional top-level youth soccer coaches.
Scandinavian J. Med. Sci. Sports 23, 374–382. doi: 10.1111/j.1600-0838.2011.
01383.x
Partington, M., Cushion, C., and Harvey, S. (2014). An investigation of the
effect of athletes’ age on the coaching behaviours of professional top-level
youth soccer coaches. J. Sports Sci. 32, 403–414. doi: 10.1080/02640414.2013.
835063
Poolton, J., and Zachry, T. (2007). So you want to learn implicitly? coaching and
learning through implicit motor learning techniques. Int. J. Sports Sci. Coach. 2,
67–78. doi: 10.1260/174795407780367177
Poolton, J., Masters, R., and Maxwell, J. (2006). The influence of analogy learning
on decision-making in table tennis: evidence from behavioural data. Psychol.
Sport Exerc. 7, 677–688. doi: 10.1016/j.psychsport.2006.03.005
Potrac, P., Brewer, C., Jones, R., Armour, K., and Hoff, J. (2000). Toward an
holistic understanding of the coaching process. Quest 52, 186–199. doi: 10.1080/
00336297.2000.10491709
Renshaw, I., and Chow, J.-Y. (2019). A constraint-led approach to sport and
physical education pedagogy. Phys. Educ. Sport Pedagog. 24, 103–116. doi:
10.1080/17408989.2018.1552676
Renshaw, I., Davids, K., Newcombe, D., and Roberts, W. (2019). The Constraints-
Led Approach: Principles for Sports Coaching and Practice Design (Routledge
Studies in Constraints-Based Methodologies in Sport), 1 Edn. London:
Routledge.
Renshaw, I., Davids, K., Shuttleworth, R., and Chow, J. Y. (2009). Insights from
ecological psychology and dynamical systems theory can underpin a philosophy
of coaching. Int. J. Sport Psychol. 40, 540–602.
Ribeiro, J., Davids, K., Araújo, D., Guilherme, J., Silva, P., and Garganta, J. (2019).
Exploiting bi-directional self-organizing tendencies in team sports: the role
of the game model and tactical principles of play. Front. Psychol. 10: 2213.
doi: 10.3389/fpsyg.2019.02213
Rietveld, E., and Kiverstein, J. (2014). A rich landscape of affordances. Ecol. Psychol.
26, 325–352. doi: 10.1080/10407413.2014.958035
Schoön, D. A. (1987). Educating the Reflective Practitioner. San Francisco, CA:
Jossey-Bass.
Scott, D., Scott, L. M., and Howe, B. L. (1998). Training anticipation
for intermediate tennis players. Behav. Modif. 22, 243–261. doi: 10.1177/
01454455980223002
Frontiers in Psychology | www.frontiersin.org 13 July 2020 | Volume 11 | Article 1444
fpsyg-11-01444 July 11, 2020 Time: 15:29 # 14
Otte et al. When and How to Provide Feedback to Athletes?
Scully, D. M., and Carnegie, E. (1998). Observational learning in motor skill
acquisition: a look at demonstrations. Ir. J. Psychol. 19, 472–485. doi: 10.1080/
03033910.1998.10558208
Scully, D. M., and Newell, K. M. (1985). Observational learning and the acquisition
of motor skills: toward a visual perception perspective. J. Hum. Mov. Stud. 11,
169–186.
Seifert, L., Papet, V., Strafford, B., Coughlan, E., and Davids, K. (2019). Skill
transfer, expertise and talent development: an ecological dynamics perspective.
Mov. Sport Sci. Motricité 102, 39–49. doi: 10.1051/sm/2019010
Shafizadeh, M., Davids, K., Correia, V., Wheat, J., and Hizan, H. (2016).
Informational constraints on interceptive actions of elite football goalkeepers
in 1v1 dyads during competitive performance. J. Sports Sci. 34, 1596–1601.
doi: 10.1080/02640414.2015.1125011
Sigrist, R., Rauter, G., Riener, R., and Wolf, P. (2013). Augmented visual, auditory,
haptic, and multimodal feedback in motor learning: a review. Psychonomic Bull.
Rev. 20, 21–53. doi: 10.3758/s13423-012-0333-8
Smith, M., and Cushion, C. J. (2006). An investigation of the in-game behaviours
of professional, top- level youth soccer coaches. J. Sports Sci. 24, 355–366.
doi: 10.1080/02640410500131944
Strafford, B. W., Davids, K., North, J. S., and Stone, J. A. (2020). Designing parkour-
style training environments for athlete development: insights from experienced
parkour traceurs. Q. Res. Sport Exerc. Health 1–17. doi: 10.1080/2159676X.2020.
1720275 [Epub ahead of print].
Uehara, L., Button, C., Falcous, M., and Davids, K. (2016). Contextualised skill
acquisition research: a new framework to study the development of sport
expertise. Phys. Educ. Sport Pedagog. 21, 153–168. doi: 10.1080/17408989.2014.
924495
Vereijken, B., and Whiting, H. T. A. (1990). In defence of discovery learning. Can.
J. Sports Sci. 15, 99–106.
Vinson, D., Brady, A., Moreland, B., and Judge, N. (2016). Exploring coach
behaviours session contexts and key stakeholder perceptions of non-linear
coaching approaches in youth sport. Int. J. Sports Sci. Coach. 16, 54–68. doi:
10.1177/1747954115624824
Ward, P. (2011). “Goal Setting and performance feedback in sport,” in Behavioral
sport psychology: Evidence-based approaches to performance enhancement, eds
J. Luiselli, and D. Reed, (New York, NY: Springer), 99–112. doi: 10.1007/978-1-
4614-0070-7_6
Williams, A., and Ford, P. R. (2009). Promoting a skills-based agenda in Olympic
sports: the role of skill-acquisition specialists. J. Sports Sci. 27, 1381–1392.
doi: 10.1080/02640410902874737
Williams, A., and Hodges, N. (2005). Practice, instruction and skill acquisition
in soccer: challenging tradition. J. Sports Sci. 23, 637–650. doi: 10.1080/
02640410400021328
Winfrey, M. L., and Weeks, D. L. (1993). Effects of self-modeling on self-efficacy
and balance beam performance. Percept. Motor Skills 77, 907–913. doi: 10.2466/
pms.1993.77.3.907
Winkelman, N. (2020). The Language of Coaching: the Art and Science of Teaching
Movement Champaign, IL: Human Kinetics.
Wulf, G. (2013). Attentional focus and motor learning: a review of 15 years. Int.
Rev. Sport Exerc. Psychol. 6, 77–104. doi: 10.1080/1750984x.2012.723728
Wulf, G. (2016). An external focus of attention is aconditio sine qua nonfor
athletes: a response to carson. collins, and toner (2015). J. Sports Sci. 34,
1293–1295. doi: 10.1080/02640414.2015.1136746
Wulf, G., and Prinz, W. (2001). Directing attention to movement effects enhances
learning: a review. Psychonomic Bull. Rev. 8, 648–660. doi: 10.3758/bf0319
6201
Zetou, E., Tzetzis, G., Vernadakis, N., and Kioumourtzoglou, E. (2002). Modeling
in learning two volleyball skills. Percept. Motor Skills 94, 1131–1142. doi: 10.
2466/PMS.94.4.1131-1142
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Copyright © 2020 Otte, Davids, Millar and Klatt. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
Frontiers in Psychology | www.frontiersin.org 14 July 2020 | Volume 11 | Article 1444
